Purpose: Cholecystectomy in patients with an intact gallbladder after endoscopic removal of stones from the common bile duct (CBD) remains controversial. We conducted a case-control study to determine the risk of recurrent CBD stones and the benefit of cholecystectomy for prevention of recurrence after endoscopic removal of stones from the CBD in Korean patients. Materials and Methods: A total of 317 patients who underwent endoscopic CBD stone extraction between 2006 and 2012 were included. Possible risk factors for the recurrence of CBD stones including previous cholecystectomy history, bile duct diameter, stone size, number of stones, stone composition, and the presence of a periampullary diverticulum were analyzed. Results: The mean duration of follow-up after CBD stone extraction was 25.4±22.0 months. A CBD diameter of 15 mm or larger [odds ratio (OR), 1.930; 95% confidence interval (CI), 1.098 to 3.391; p=0.022] and the presence of a periampullary diverticulum (OR, 1.859; 95% CI, 1.014 to 3.408; p=0.045) were independent predictive factors for CBD stone recurrence. Seventeen patients (26.6%) in the recurrence group underwent elective cholecystectomy soon after endoscopic extraction of CBD stones, compared to 88 (34.8%) in the non-recurrence group; the difference was not statistically significant (p=0.212). Conclusion: A CBD diameter of 15 mm or larger and the presence of a periampullary diverticulum were found to be potential predictive factors for recurrence after endoscopic extraction of CBD stones. Elective cholecystectomy after clearance of CBD stones did not reduce the incidence of recurrent CBD stones in Korean patients.
INTRODUCTION
Since its introduction in 1974, endoscopic biliary sphincterotomy (EST) has been the standard therapy for the removal of bile duct stones. 1, 2 The safety of EST has been well established, and its use has become widespread. There have been many reports of bile duct stone recurrence after EST, although the range of reported recurrence rates is wide (3% to 24%). [3] [4] [5] [6] [7] [8] The suggested causes of recurrent bile duct stones after EST are cholecystolithiasis, mechanical lithotripsy, pneumobilia, a dilated common bile duct (CBD), periampullary diverticulum, angulation of the CBD (≤145°) on endoscopic retrograde cholangiopancreatography (ERCP), bile stasis, biliary stricture, and papillary stenosis. 6, 7, 9, 10 Cholecystectomy in patients with an intact gallbladder (GB) after endoscopic removal of stones from the CBD remains a matter of debate. 11 Several prospective randomized trials have shown that cholecystectomy after endoscopic treatment of bile duct stones reduces recurrent biliary events and is recommended. 12, 13 Several previous trials recommended elective cholecystectomy after EST in cases of GB calculi, preexisting cholangitis, acute biliary pancreatitis, complete opacification of the GB during ERCP, and non-visualization of the GB after EST; 14, 15 however, other studies have shown that elective cholecystectomy after EST does not reduce the incidence of recurrent biliary complications. [16] [17] [18] [19] [20] Although cholecystectomy after endoscopic removal of CBD stones reduced recurrent CBD stones in some studies of Caucasian patients, the data was inconclusive in Asians due to differences in stone composition. We conducted a case-control study to determine the risk of recurrent CBD stones and to evaluate the need for subsequent cholecystectomy in order to prevent recurrence after endoscopic removal of stones from the CBD in Korean patients.
MATERIALS AND METHODS

Patients
Patients enrolled in this study met the following criteria: 1) ERCP with EST performed between January 2006 and January 2012 at Severance Hospital, 2) the presence of CBD stones and their complete clearance documented by cholangiography, 3) GB in situ documented by abdominal ultrasonography or abdominal computed tomography at the time of initial ERCP, 4) no evidence of underlying advanced malignancy, 5) no evidence of intrahepatic duct stones or bile duct stricture, and 6) follow-up longer than 3 months after ERCP.
Sixty-four patients with recurrent bile duct stones after CBD stone extraction by ERCP (recurrence group) between 2006 and 2012 were included in this study. For each patient of this recurrence group, four propensity-score age-and sex-matched control patients (non-recurrence group) were enrolled. A total of 317 patients who underwent endoscopic CBD stone extraction were studied.
Definitions and main outcome measures
Patient clinical data were obtained prospectively from a patient database. Possible risk factors for the recurrence of CBD stones including history of cholecystectomy, previous Billroth-II operation, bile duct diameter, stone size, number of stones, stone composition, periampullary diverticulum, mechanical lithotripsy, multiple ERCP sessions, and use of ursodeoxycholic acid (UDCA) and/or Rowachol ® (Rowa Pharmaceuticals Ltd., Newtown, Bantry, Co. Cork, Ireland) medication were analyzed. The entry date was the time of complete endoscopic removal of CBD stones. The follow-up durations were determined from the entry date to the last visit date. The recurrence-free duration was determined from the entry date to the occurrence of a recurrent bile duct stone or the last visit date. The following data were noted before EST: gender, age, body mass index (BMI), total bilirubin level, jaundice, the presence or absence of a periampullary diverticulum, bile duct diameter, and the number and sizes of stones. A periampullary diverticulum was defined as the presence of a diverticulum within a radius of 2-3 cm from the ampulla of vater and was divided into the following three types according to the position between the major papilla and diverticulum: type 1, papilla located deep within the diverticulum (intra-diverticular papilla); type 2, papilla located on the inner rim of the diverticulum (juxta-papillary diverticulum) in such a way that the papillary orifice was not visible endoscopically; and type 3, papilla located outside the diverticulum (extra-diverticular papilla) in such a way that the papillary orifice was easily detectable. 7, 21, 22 The recurrence of bile duct stones was defined as development of stones not earlier than 3 months after the complete removal of previous bile duct stones. The diagnosis of recurrent choledocholithiasis was made based on clinical symp- toms, the laboratory alteration, and the radiological visualization of bile duct stones. All recurrent CBD stones were confirmed by ERCP.
ERCP procedures
All ERCP procedures were performed using side-viewing endoscopes (TJF-260V or TJF-240; Olympus Optical Co., Tokyo, Japan). These ERCPs were carried out by experienced endoscopists (J.B.C., S.Y.S., S.W.P., S.M.B., J.Y.P., and M.J.C.). A pulltype sphincterotome (Clever-cut; Olympus, Athens, Greece) or needle knife (MicroKnife TM XL, Boston Scientific, Marlborough, MA, USA) with or without a guide wire (Jagwire, Microvasive, Boston Scientific, Marlborough, MA, USA) was applied in cases of difficult CBD cannulation. For stones that were too large for removal in one session, an endoscopic mechanical lithotripsy was attempted in order to fragment the stones. When incomplete stone removal was suspected at the end of the procedure, an endoscopic nasobiliary drainage or plastic stent was inserted in order to prevent cholangitis.
Statistical analysis
Categorical variables were analyzed with chi-squared tests, while continuous variables (expressed as means with standard deviations) were analyzed using Student's t-test. We conducted the Mann-Whitney U test for nonparametric statistical analyses to identify statistical differences in recurrence risk factors. Potential risk factors were assessed by a multivariate logistic regression model. Cumulative recurrence rates of bile duct stones during the follow-up intervals were compared using the Kaplan-Meier method, and the statistical significance of the difference between them was examined by the log-rank test. A p-value of less than 0.05 was considered statistically significant. All statistical analyses were performed using SPSS version 20.0 (IBM SPSS, New York, USA).
RESULTS
Patient characteristics
Characteristics of the 317 patients are shown in Table 1 
Risk factors for recurrence of CBD stones
Possible risk factors associated with recurrence of bile duct stones, including age, gender, BMI, total bilirubin level, jaundice, use of UDCA and/or Rowachol ® medication after endoscopic removal of bile duct stones, cholelithiasis, the size of the CBD, the number, sizes, and types of stones, cholecystectomy, Billroth II gastrectomy, periampullary diverticulum, mechanical lithotripsy, and multiple ERCP sessions are listed in Table  2 . The mean duration of follow-up after CBD stone extraction was 26.4±17.8 months in the recurrence group and 25.2±22.9 months in the non-recurrence group (p=0.088). Of the 64 patients in the recurrence group, 17 (26.6%) underwent elective cholecystectomy soon after endoscopic extraction of CBD stones compared to 88 (34.8%) of the 253 patients in the nonrecurrence group, a difference which was not statistically significant (p=0.212). There was no significant difference between the recurrence group and the non-recurrence group in terms of the presence of gallstones (p=0.286).
On univariate analysis, the diameter of the CBD was a significant contributor to the recurrence of CBD stones. The mean diameter of the CBD in the recurrence group was 16.1±4.1 mm, whereas that in the non-recurrence group was 15.0±5.1 mm (p=0.046). A CBD diameter of 15 mm or larger was identified as a predictive factor for the recurrence of CBD stones (p= 0.020). Of the 317 patients, 159 (50.2%) had brown pigment stones at initial ERCP. Such brown pigment stones (39 cases, 60.9%) were more common in cases of recurrence than cholesterol stones (25 cases, 39.1%).
Multivariate analysis determined that a CBD diameter of 15 mm or larger [odds ratio (OR), 1.930; 95% confidence interval (CI), 1.098 to 3.391; p=0.022] and the presence of a periampullary diverticulum (OR, 1.859; 95% CI, 1.014 to 3.408; p=0.045) were independent predictive factors for CBD stone recurrence (Table 3) . Elective cholecystectomy was not a risk factor for recurrence (p=0.198).
Comparison of the cholecystectomy and non-cholecystectomy groups
During the follow-up period, 105 (33.1%) of 317 patients with GB in situ underwent cholecystectomy after ERCP with EST (cholecystectomy group), and the remaining 212 patients (66.9%) did not undergo cholecystectomy (non-cholecystectomy group). There were no significant differences between the two groups in terms of gender distribution, total bilirubin level, jaundice, CBD size, or the number, sizes, and types of stones at initial ERCP. The patients in the cholecystectomy group (mean, 63.0±12.0 years) were younger than those in the non-cholecystectomy group (mean, 66.9±11.9 years; p=0.006).
Kaplan-Meier analysis revealed that the cumulative recurrence rate of CBD stones between the cholecystectomy group and the non-cholecystectomy group was not significantly different (p=0.278) ( Table 4 , Fig. 1 ). At 5 years, the cumulative probabilities of CBD stone recurrence in the cholecystectomy and the non-cholecystectomy groups were 44.3% and 40.6%, respectively. In patients with cholelithiasis, there was no difference in the cumulative recurrence rate of CBD stones between the cholecystectomy group and the non-cholecystectomy group (p=0.279) ( Table 4) . 
DISCUSSION
Previous studies reported risk factors for the recurrence of bile duct stones in post-EST patients. 6,7,9,10 Significant risk factors were an intact GB with cholecystolithiasis, mechanical lithotripsy, pneumobilia, dilated CBD, periampullary diverticulum, angulation of the CBD (≤145°) on ERCP, bile stasis, biliary stricture, and papillary stenosis. In the present study, significant risk factors were bile duct diameter and the presence of a periampullary diverticulum. The diameter of the bile duct is already known to be an important predictor for bile duct stone recurrence. Some authors have identified a bile duct diameter ≥15 mm as a risk factor for recurrent stones. 8, 23 The diameter of the dilated bile duct does not decrease after removal of the stone, as the elasticity of the duct wall is lost due to chronic inflammation and fibrosis. A dilated bile duct may result in bile stasis and bacterial infection, which are potential risk factors for recurrent stones. 23, 24 In addition, periampullary diverticula compress the distal CBD anatomically, leading to bile stasis and bacterial infection of the bile duct via the orifice of the sphincter of Oddi. 21 Bile stasis associated with a type 1 or 2 diverticulum could be caused by either mechanical factors or the presence of coexisting motility disorders involving the sphincter of Oddi. 7, 25 In addition, large stones often require mechanical lithotripsy. Mechanical lithotripsy is likely to increase the risk of recurrence, as even a few missed small stone fragments may act as nidi for stone reaggregation. 8 However, in the present study, large stones and mechanical lithotripsy were not significant risk factors for recurrence.
CBD stones are classified as primary and secondary stones based on etiology and pathogenesis. A primary stone in the CBD indicates that it was formed within the bile duct, whereas the term secondary indicates a stone that has migrated from the original site where it was formed. Primary bile duct stones can form in the bile duct several years after cholecystectomy, and most are brown pigment stones (calcium bilirubinate stones). On the contrary, secondary bile duct stones usually form in the GB and consist predominately of cholesterol. 25 In recent studies, prophylactic cholecystectomy did not reduce the formation of recurrent CBD stones or additional recurrent cholangitis after CBD stone removal by EST in Korean patients, in whom brown pigment stones are more common. 19, 20 Similarly, in the present study, cholecystectomy was not associated with a reduction in the recurrence rate of bile duct stones. The cumulative recurrence rate of CBD stones between the cholecystectomy group and the non-cholecystectomy group was not significantly different. This finding can be explained by the fact that bile duct stone recurrence occurred more frequently due to brown pigment stones than due to cholesterol stones in this study. Brown pigment stones more commonly form in the bile duct, rather than migrate from the GB; thus, cholecystectomy would not affect the risk of bile duct stone recurrence in this setting.
In a recent study, patients with a calculous GB had a significantly higher rate of recurrent biliary complication than the acalculous GB group or the cholecystectomy group. 26 In another study, the recurrence rates of CBD stones were not significantly different between the patients with and without gallstones within the GB in situ group. 19 In the present study, there was no association of the relationship between gallstones and recurrent CBD stones in patients with choledocholithiasis after endoscopic treatment. This can indicates that the majority of CBD stones are likely secondary stones that migrated from the GB in Western patients, whereas primary stones are likely to be formed within the bile duct in Korean patients.
UDCA is currently used in the medical treatment of gallstones, particularly in patients with mild symptoms (i.e., without pancreatitis, cholecystitis, or cholangitis) and a small stone size (<10 mm), as well as those with cholesterol stones and a normally functioning GB. Rowachol ® is an essential oil preparation that increases biliary lipid secretion; used alone, it has only weak litholytic properties, although it might have advantages when combined with UDCA. 27 Gallstone composition among Asians is known to be different from that of Caucasians. Calcium bilirubinate stones are not rare in Koreans, and such stones show radiolucency on abdominal X-ray imagery. The complete dissolution rate of radiolucent GB stones by UDCA is reported to be lower in Asians, despite the efficacy of dissolutive agents such as UDCA and Rowachol ® in the setting of cholesterol stones, which account for most bile duct stones in Caucasians. 28 In the present study, use of UDCA and/or Rowachol ® medication did not significantly reduce the recurrence of bile duct stones. Given the fact that pigment stones are the most common type of bile duct stone in Korea, this discrepancy could be due to geographic and ethnic differences in CBD stone composition.
In conclusion, a CBD diameter of 15 mm or larger and the presence of a periampullary diverticulum were significant predictive factors for recurrence after endoscopic extraction of CBD stones. For patients with risk factors for bile duct stone recurrence, periodic surveillance may be recommended. In addition, prophylactic cholecystectomy after clearance of CBD stones does not appear to reduce the incidence of recurrent CBD stones in Korean patients, in whom pigment stones are more common. Further prospective studies are needed to investigate long-term outcomes in these patients.
